Baccharis dracunculifolia DC (Asteraceae) is the main botanical source used by honeybees to produce Brazilian green propolis whose hepatoprotective properties have been already described. In this work we investigated the protective effects of the glycolic extract of B. dracunculifolia (GEBd) against oxidative stress in isolated rat liver mitochondria (RLM). The GEBd was prepared by fractionated percolation using propylene glycol as solvent. The total phenols and flavonoids, which are substances with recognized antioxidant action, were quantified in GEBd and the phytochemical analysis was carried out by HPLC. GEBd exhibited significant scavenger activity towards DPPH radicals and superoxide anions in a concentrationdependent manner, and also a Fe 2+ chelating activity. GEBd decreased the basal H 2 O 2 generation and the Fe 2+ -or t-BuOOH-induced ROS production in isolated mitochondria. Lipid oxidation of mitochondrial membranes, protein thiol groups and GSH oxidation were also prevented by GEBd. This shows that B. dracunculifolia exhibit potent antioxidant activity protecting liver mitochondria against oxidative damage and such action probably contribute to the antioxidant and hepatoprotective effects of green propolis.
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Introduction
Oxidative stress is a condition characterized by the oxidative damage of biomolecules by free radicals when they are overproduced and/or the ability of the cellular antioxidant systems is decreased. These types of damage were thought to be involved in the ethyology of many human diseases (Brookes et al., 2004) , including liver damage, aging, carcinogenesis, atherogenesis, immune disorders, and others (Ames et al., 1993) . Mitochondria are directly implicated with oxidative stress conditions, due to the constant generation of superoxide anions (O 2 ÅÀ ) by the respiratory chain, a process which is normally eliminated by the antioxidant defense system composed of superoxide dismutase, glutathione peroxidase and reductase, GSH and NAD(P)H. However, in mitochondrial dysfunctions, the excessive formation of O 2
ÅÀ
, and consequently hydrogen peroxide (H 2 O 2 ), generates the extremely reactive hydroxyl radical ( Å OH) by means of the Fenton-HaberWeiss reaction (Sies, 1997) . This process is able to oxidize mitochondrial lipids, thiols, proteins and nucleic acids that may result in necrotic or apoptotic cell death . The vegetal secondary metabolism produces chemical substances responsible for the antioxidant properties in vitro and in vivo of many plant extracts. Such substances are mainly phenolic compounds, able to decrease the production and/or to eliminate produced free radicals (Dorta et al., 2006; Saija et al., 1995; Chen et al., 1990) . Among these substances are flavonoids and other phenolic compounds, especially as synthesized in leaves, flowering tissues, and pollens that are intensively studied due to their presence in the human diet (Chen et al., 1990) .
The large genus Baccharis presents approximately 350 species distributed specifically in America and several studies have been performed to identify secondary metabolites with biological activities and pharmacological potential (Brown, 1994; Labbe et al., 1986; Zdero et al., 1986) . Several properties of Baccharis species have been described, including the inhibition of plant growth (Céspedes et al., 2002) , anti-rheumatic, antifungal (Rahalison et al., 1995) , and insecticide properties (Juan et al., 2008) , among others. Baccharis dracunculifolia DC (Asteraceae), popularly known as ''alecrim-do-campo'', is largely distributed in South America
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Food and Chemical Toxicology j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / f o o d c h e m t o x from southeastern Brazil to Argentina and Uruguay and it is shown to exhibit a protective action against gastric ulcers, reducing the volume of gastric juice and increasing gastric pH (Lemos et al., 2007) . In Brazil in particular, honeybees (Apis mellifera) utilize flower nectars of B. dracunculifolia to produce green propolis, whose healthy benefits, including the hepatoprotective effect, are well described in the literature (Seo et al., 2003) . Interestingly, it was recently demonstrated that many chemical substances present in B. dracunculifolia are also present in green propolis, such as flavonoids and coumaric acid derivatives (Park et al., 2004; Kumazawa et al., 2003) . Although several studies have demonstrated the antioxidant properties, in vitro and in vivo, of green propolis (reviewed in Burdock, 1998) there is no evidence regarding the antioxidant properties of B. dracunculifolia.
Since the secondary metabolites from B. dracunculifolia may be present in the human diet directly or indirectly via green propolis intake, in this work we investigated the antioxidant properties of the glycolic extract of B. dracunculifolia against oxidative stress in isolated rat liver mitochondria, and the mechanisms of this protection are discussed.
Materials and methods

Chemicals
All reagents were of the highest purity grade available commercially, and aqueous solutions were prepared with deionized Milli-Q water (mixed bed of ion exchanger, Millipore). The quercetin, gallic acid, caffeic, p-coumaric and transcinnamic acids were acquired from the Sigma Chem. Co. (St. Louis, USA); artepillin C (Wako Pure Chemical Industries Co., Osaka, Japan); isosakuranetin (ChromaDex, Irvine, Canada) and aromadendrin-4 0 -O-methyl ether, previously isolated and identified as described by Sousa et al. (2007) and kindly donated by the authors.
Plant source and extract preparation
Leaves of B. dracunculifolia DC were collected in August (winter in the southern hemisphere) in a farm located at Mogi das Cruzes, São Paulo, Brazil (GPS localization: 760 m, 23°29840 0 S). Voucher specimens of the plant were deposited at the Herbarium Mogiense, located at the University of Mogi das Cruzes, Mogi das Cruzes, São Paulo, Brazil. After being dried at 40°C in a greenhouse by means of air circulation, plant leaves (100 g) were submitted to fractionated percolation with propylene glycol:H 2 O (70:30) as an extractor solvent; 100 mL of the glycolic extract of B. dracunculifolia (GEBd) were obtained, and considered as 100% (crude extract).
Electronic absorption spectroscopy
Electronic absorption measurements of GEBd were conducted in a photodiode spectrophotometer MultiSpec-1501, equipped with a thermo bath TB-85 (Shimadzu Scientific Instruments Inc., Columbia, MD), using 10 mm optical quartz cuvettes, model 104-QS (Hellma, Germany) and a slit of 0.5 nm.
Quantification of total phenols and flavonoids
Soluble phenol derivatives were determined according to the Folin-Ciocalteau method (Singleton and Rossi, 1965) and expressed as lM of gallic acid equivalents based on a standard curve with gallic acid. To flavonoid quantification, an aliquot was incubated in a medium containing 60 ll of glacial acetic acid, 1.0 ml of pyridine:H 2 O:AlCl 3 12% solution (17:80:3), and 1.24 ml of dimethyl sulfoxide:H 2 O (1:1) for 5 min at 25°C. The reaction product was determined spectrophotometrically at 420 nm; the flavonoid content was determined based on a standard curve and expressed as lM of quercetin equivalents.
Phytochemical analysis of B. dracunculifolia glycolic extract by HPLC
GEBd was analyzed by HPLC using a Shimadzu apparatus equipped with a CBM-20A controller, a LC-20AT quaternary pump, a SPD-M 20A diode-array detector, and Shimadzu LC solution software, version 1.21 SP1. A Shimadzu Shim-Pack CLC-ODS column (4.6 Â 250 mm, particle diameter of 5 lm, pore diameter of 100 Å) was used. The mobile phase consisted of methanol (B), and of a solution of water-formic acid (0.1% v/v), pH 2.7 (A). It was used a linear gradient of 20-95% of B over a period of 77 min at a flow rate of 0.8 ml/min with detection at 275 nm. GEBd was diluted with 5 ml of methanol (HPLC grade) in 10 ml volumetric flasks, sonicated for 10 min, and filled to volume with Milli-Q water. The sample was filtered through a 45 lm filter before analysis.
DPPH reduction assay
The reduction of the 1,1-diphenyl-2-picrylhydrazyl radical (DPPH, 100 lM) by GEBd was determined at 517 nm after 5 min incubation in 40 mM sodium acetate pH 5.5 (1.5 mL) plus ethanol (1.0 mL) at 30°C (Blois, 1958) .
Superoxide scavenger activity
Superoxide anions were generated by the xanthine/xanthine oxidase system and the scavenger activity of GEBd was evaluated by the inhibition of the reduction of nitroblue tetrazolium (NBT). Briefly, after the addition of 0.08 U/mL xanthine oxidase in phosphate buffer pH 7.5 containing 0.05 mM ethylenediaminetetraacetic acid (EDTA), 0.2 mM hypoxanthine and 0.1 mM NBT, the absorbance at 540 nm was recorded for 20 min at 37°C (Hitachi U-2000 Spectrophotometer, Tokyo, Japan) (Parejo et al., 2002) .
Competitive iron chelating assay
The amount of Fe 2+ in the medium was determined spectrophotometrically in the presence and absence of GEBd by using the specific indicator batophenantroline disulfonic acid (0.2 mM BPS) according to Cowart et al. (1993) .
Isolation of rat liver mitochondria
All experiments involving animals were previously approved by the Ethical Committee on Animal Experimentation and Manipulation of University of Mogi das Cruzes (CEUA/UMC) according to the Brazilian College of Animal Experiments. Rat liver mitochondria were isolated by conventional differential centrifugation in isosmotic medium from adult male Wistar rats as previously described (Santana et al., 2009 ).
Mitochondrial reactive oxygen species (ROS) and H 2 O 2 measurements
General ROS and H 2 O 2 production in mitochondria were estimated by using 2 0 ,7 0 -dichlorodihydrofluorescein diacetate (H 2 DCFDA) (Lebel et al. (1992) and Amplex Ò Red (Tahara et al., 2009) , respectively. Briefly, mitochondria (1 mg/mL) were incubated in a medium 125 mM sucrose, 65 mM KCl, 10 mM 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid (HEPES)-KOH, pH 7.4, plus 1 lM H 2 DCFDA or 25 lM Amplex Ò Red plus 1 U/ml horseradish peroxidase at 30°C with continuous stirring in the presence of 5 mM potassium succinate (+2 lM rotenone) and the fluorescence was measured in a Hitachi F-2500 Spectrophotometer (Tokyo, Japan). The excitation/emission wavelength pair was 503/529 nm and 563/587 nm to H 2 DCFDA and Amplex Ò Red, respectively.
Lipid oxidation assays
The lipid oxidation of mitochondrial membranes was estimated by measuring the thiobarbituric acid reactive substances (TBARS) and lipid hydroperoxides (LOOH) formation as described in details by Borges et al. (2004) . The percentages of inhibition by GEBd were calculated in relation to positive control (t-BuOOH or Fe 2+ /citrate).
GSH levels
After 30 min of incubation at 37°C in a medium containing 125 mM sucrose, 65 mM KCl, 10 mM HEPES-KOH, pH 7.4, plus 5 mM potassium succinate (+2 M rotenone), the mitochondria suspension was treated with 0.5 ml of 13% trichloroacetic acid and centrifuged at 900g for 3 min. Aliquots (100 ll) of the supernatant were mixed with 2 ml of 100 mM sodium phosphate buffer pH 8.0, containing 5 mM ethylene glycol tetraacetic acid (EGTA). One hundred microliters of o-phthalaldehyde (1 mg/mL) were added and the fluorescence was measured 15 min later, using the 350/420 nm excitation/emission wavelength pair and an excitation/emission slit of 5 nm in a fluorescence spectrophotometer Hitachi F-2500 (Tokyo, Japan) (Hissin and Hilf, 1976) .
Data analyzes
The graphical, mathematical and statistical analyzes were performed by using Microcal (TM) Origin Ò version 6.0, Microcal Software Inc., Northampton, MA, USA.
Data are presented as mean ± s.d.; the statistical differences were calculated by Student's t-test, and the values of p < 0.05 were considered significant.
Results
Characterization and standardization of the glycolic extract of B. dracunculifolia (GEBd)
As a preliminary characterization, the electronic absorption UV-vis spectra of the glycolic extract of B. dracunculifolia (GEBd) was acquired at different concentrations. It was observed that GEBd contains substances that exhibit strong absorption in the UV region (200-400 nm) and the mixture presents a band of maximum absorption at around 290 nm (Fig. 1) . Such electronic absorption might be attributed to unrelated substances presenting benzene rings or conjugated bonds. However, flavonoids and phenolic compounds, substances with recognized antioxidant action, were thought to absorb light at this spectral region (Jurd and Geissman, 1956 ). In the inset of Fig. 1 , the maximal absorption at 290 nm was plotted in the function of GEBd concentration, and the linear correlation observed may be used to accompany the stability of the obtained extract or for comparison with other extractions. However, the term 'absorptivity' may not be applied here because the extract contains a mixture of chemical substances.
Considering the large occurrence of flavonoids and other phenolic substances as secondary metabolites in plants associated to the well-described antioxidant properties, the quantification of these substances in GEBd was performed in order to provide a standardization of this and other glycolic extracts of B. dracunculifolia obtained by the same method. To quantify the total phenols and flavonoids in the extract, standard curves from 0 to 60 lM were performed with gallic acid and quercetin, respectively. GEBd at a 0.05% concentration presented 21.18 ± 0.156 lM of total phenols (as gallic acid equivalents) and 13.64 ± 0.01 lM of flavonoids (as quercetin equivalents). Phytochemical analysis of the GEBd was carried out by HPLC and it allowed the identification of caffeic, p-coumaric and trans-cinnamic acids, aromadendrin-4-O-methyl ether, isossakuranetin, and also artepillin C, a characteristic compound commonly found in Brazilian green propolis and B. dracunculifolia (Supplementary material). The quantification of these substances is presented in Table 1 .
Scavenger and iron chelating activities in non-biological systems
The free radical scavenger activity of a plant extract may be screened by using the stable free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH), which exhibits a strong absorption band at 517 nm, bleached with its reduction to a non-radical species. As observed in Table 2 , GEBd was able to reduce the DPPH radical in a concentration-dependent manner. The EC 50 , defined as the GEBd concentration necessary to reach 50% of the observed effect calculated by using a hyperbolic fit, was 0.005%. The flavonoid quercetin was used as a reference and 0.05% GEBd presented a similar effect of 10 lM quercetin to reduce DPPH (not shown). Since DPPH is not a biological free radical, we investigated the ability of GEBd to scavenge superoxide anions generated by the xanthine/xanthine oxidase system, with NBT as an indicator (Table  2) . GEBd was able to decrease the NBT reduction comparatively to control indicative of O 2 ÅÀ scavenger activity (EC 50 $ 0.0732%). GEBd was able to chelate 77.57 ± 0.30% of the Fe 2+ available in the medium (not shown). The presence of flavonoids in B. dracunculifolia probably provides this ability to the extract, since iron chelating activity has already been demonstrated for these compounds (Dorta et al., 2008) .
GEBd decreases basal H 2 O 2 production in succinate-energized rat liver mitochondria
The antioxidant activity of GEBd was evaluated on isolated rat liver mitochondria and the mechanisms of antioxidant protection were investigated. First, the effects of GEBd on the H 2 O 2 production by succinate-energized mitochondria were analyzed fluorimetrically by using Amplex Red Ò . RLM produced a basal amount of H 2 O 2 as a product of spontaneous O 2 ÅÀ dismutation or by SOD (Fig. 2, dotted line) . The pre-incubation of mitochondrial suspension with GEBd promoted a decrease in the fluorescence slope in a concentration-dependent manner, indicating the elimination of the H 2 O 2 produced (peroxidase activity) or the decrease in its formation in state 4 respiring RLM, e.g., by scavenging superoxide anions.
Protection of RLM against t-BuOOH-or Fe
2+ /citrate-induced oxid ative stress by GEBd
The antioxidant action of GEBd towards oxidative stress promoted by t-BuOOH on isolated rat liver mitochondria was evaluated. The pre-incubation of the mitochondrial suspensions with GEBd at different concentrations resulted in the inhibition of ROS generation (Fig. 3A) and lipid oxidation (Fig. 3B ) induced by (Fig. 4D ).
Discussion
Propolis is a honeybee product that has received worldwide attention as food and nutraceutical products due to its medicinal properties. Despite its economic importance, propolis presents a wide range of biological properties, including antibacterial, antiviral, anti-inflammatory, antifungal, antitumor, antioxidant, and hepatoprotective activities (Banskota et al., 2000 (Banskota et al., , 2001 . Such effects have been attributed to the presence of polyphenols such as flavonoids and phenolic acids in its composition (Bankova, Fig. 2 . Inhibition of H 2 O 2 production by GEBd on isolated rat liver mitochondria.
After addition of 5 mM succinate, 2 lM rotenone, and 10 lM CaCl 2 to the mitochondrial suspension (1.0 mg/mL), the fluorescence emissions of Amplex Red were recorded for 10 min. Traces are representative of three experiments with different mitochondrial preparations, and the GEBd concentrations were expressed in a percentage (v/v) in relation to the crude extract, considered as 100%. C: absence of GEBd (dotted line). Fig. 3 . Protective effects of GEBd against t-BuOOH-induced oxidative damage on isolated rat liver mitochondria. Mitochondria (1.0 mg/mL) were pre-incubated with GEBd followed by the addition of t-BuOOH. (A) ROS generation was assayed as DFC fluorescence. C: absence of GEBd and t-BuOOH (control, dotted line); t-BuOOH: 0.6 mM t-BuOOH (positive control); numbers are the GEBd concentration in the % pre-incubated followed by the addition of t-BuOOH (as indicated by the arrow). 2005). Particularly in Brazil, B. dracunculifolia DC (Asteraceae) is the main botanical source used by honeybees to produce green propolis. In fact, ethanolic extracts of Brazilian Green Propolis and its botanical origin B. dracunculifolia showed a similar chromatographic profile (Park et al., 2004 ) and the major compound in both extracts was artepillin C.
Propolis chemical composition is complex, presenting predominantly 50% resin, which contains flavonoids and related phenolic acids, 30% wax, 10% essential oils, 5% pollen and 5% other organic substances, and this composition varies according to geographical origin (Gómez-Caravaca et al., 2006) . Chemical profile presented in this study by GEBd corroborate the similarity between B. dracunculifolia and green propolis, since it was demonstrated the presence of the main compounds in the glycolic extract such as caffeic, p-coumaric and cinnamic acids, aromadentrin-4-methyl-ether, isosakuranetin and finally, artepillin C (3,5-diprenyl-4-hydroxycinnamic acid) (Sousa et al., , 2011 . The potent antioxidant action presented by GEBd probably results from the sum or synergistic effect of each compound in the extract, mainly phenols and flavonoids -substances with well known scavenger properties (Dorta et al., 2006) . Caffeic acid, quercetin, kaempferol, phenethyl caffeate and artepillin C was found to reduce DPPH (Kumazawa et al., 2004) . It was also demonstrated that artepillin C inhibited the lipid peroxidation and the development of pulmonary cancers (Kimoto et al., 2001) .
Oxidative mitochondrial damage is associated with cell death and dysfunctions of tissue and organ systems, including hepatotoxicity (Brookes et al., 2004) . The antioxidant activity exhibited by GEBd in non-biological systems was confirmed also in mitochondria, preventing the oxidative damage of lipids and proteins. Since the effectiveness of GEBd against membrane lipids and thiol protein oxidation was more pronounced than the effectiveness against GSH oxidation probably the substances present in the extract exert their antioxidant action not directly eliminating peroxides, but through scavenging free radicals formed in the system able to oxidize these macromolecules. The protective effectiveness of GEBd against oxidative damage induced by different prooxidants demonstrates its potent antioxidant capacity in biological systems. Such efficiency was demonstrated here by different and complementary methods in vitro, providing evidences for the molecular mechanisms of the antioxidant action of GEBd as discussed below.
Despite the DPPH-reducing activity of GEBd, its scavenger activity of O 2 ÅÀ is particularly interesting because this radical is produced in vivo and may originate other highly reactive and oxidizing radicals such as hydroxyl (Halliwell, 2009 ). The mechanisms and kinectics of the reactivity of O 2 ÅÀ with polyphenols are extensively studied. Phenolic compounds are weak acids acting as efficient hydrogen donors (Thavasi et al., 2009 ) able to react with O 2 ÅÀ through different mechanisms, depending on the nature and number of the substituents in the phenolic ring (René et al., 2010) . Structural characteristics of flavonoids important for their free radical scavenging activities includes the 2,3 double bond conjugated with a 4-oxo function, the o-di-OH group in the B ring, and the presence of hydroxyl groups at positions 3 and 5 (Soobrattee et al., 2005; Dorta et al., 2008; René et al., 2010) . Such structural features contribute also to the reactivity of phenols and flavonoids with hydroxyl ( Å OH) and lipid-derived radicals, such as lipid peroxyl (LOOÅ), inhibiting lipid peroxidation reactions (Ozyürek et al., 2008; Wilms et al., 2008) . Flavonoids are particularly effective as inhibitors of the lipid oxidation chain reactions because (i) they are able to react with the radicalar species involved in this process, and (ii) the flavonoidderived radical formed is relatively stable due to the possibility of resonance in the phenolic rings (René et al., 2010) . Also, another important feature that confers antioxidant action is the metalchelating activity that occurs when the oxidative damage is caused by metal-catalyzed Fenton-type reactions (Halliwell, 2009 ). The high content of phenolic compounds and flavonoids in GEBd probably confers to this extract the potent antioxidant activity demonstrated in this study that comes from both free radical scavenging and iron chelating activities.
Conclusions
GEBd exert its antioxidant activity by a sum of free radical scavenging and iron chelating activities able to protect membranes from oxidation and consequently from a loss of function. Moreover, the oxidation of thiol groups of mitochondrial proteins and GSH depletion was also prevented by GEBd. Considering the similarity in chemical composition, the antioxidant properties exhibited by B. dracunculifolia contribute at least partially to the hepatoprotection described for Brazilian green propolis, and show evidence for its potential as a hepatoprotective agent against oxidative-induced liver damage.
